The magnetotransport properties of disordered ferromagnetic Kagome layers are investigated numerically. We show that a large domain-wall magnetoresistance or negative magnetoresistance can be realized in Kagome layered materials (e.g. Fe3Sn2, Co3Sn2S2, and Mn3Sn), which show the quantum anomalous Hall effect. The Kagome layers show a strong magnetic anisotropy and a large magnetoresistance depending on their magnetic texture. These domain-wall magnetoresistances are expected to be robust against disorder and observed irrespective of the domain-wall thickness, in contrast to conventional domain-wall magnetoresistance in ferromagnetic metals.
Introduction. Racetrack memory [1] has been expected to be a new generation spintronics memory device, which consists of a ferromagnetic wire with magnetic domains corresponding to '0' and '1'. Those domains can be driven by electric current and be read out rapidly without mechanical heads. The most prominent advantage of spin memories is that the device does not need electricity to keep information as conventional random access memories. That is, the racetrack memory can become a lowpower-consumption device. However, this ferromagnetic metal spintronics device is not practically realized yet, in contrast with magnetic tunnel junction devices using giant magnetoresistance effect [2] , which have achieved great success. The problem is that a current driven device of ferromagnetic metals suffers from Joule heating. In this paper, we propose that we may overcome this difficulty by using quantum anomalous Hall (QAH) insulator [3, 4] or Weyl semimetal [5, 6] states of Kagome layered materials. In those topological states, domain walls can be driven by electric field [7] [8] [9] [10] . Therefore a large electric current that causes Joule heating is not necessary. We show, via numerical simulation of transport, that the current is strongly suppressed by domain walls in QAH Kagome layers.
In ferromagnetic metals, domain-wall magnetoresistance (DWMR) effect originates from the spin mistracking of the conduction electrons [11, 12] . Therefore the DWMR is fragile against gradual change of magnetization (thick domain walls) or disorder, and is a weak effect compared with the widely-utilized giant magnetoresistance effect [13] . Nevertheless, the DWMR in magnetic Weyl semimetals [14] [15] [16] has been found to become huge in thick domain walls and robust against disorder [17, 18] . Recently, it was proposed that the QAH state can be realized in Kagome layered materials: Fe 3 Sn 2 [19] , Co 3 Sn 2 S 2 [20] [21] [22] , Mn 3 Sn [23] [24] [25] . In order to utilize these materials for novel topological spintronics devices, we reveal the mechanism and robustness of the DWMR in Kagome layers.
In this paper, we propose a huge DWMR effect in ferromagnetic Kagome layers under disorder. We first study the transport property with in-plane or out-of-plane magnetizations. Next we show the magnetization angle induced topological phase transition. Then we investigate the DWMR for various types of domain wall. We show that the DWMR is robust against disorder and hardly suppressed by thick domain walls. These results imply that the DWMR comes from the topological transport in Kagome layers.
Model. We employ a single-layer Kagome lattice (see Fig. 1 ) model with ferromagnetic order. The tightbinding Hamiltonian is,
The first term is the nearest-neighbor hopping. The second term is the spin-orbit coupling conserving zcomponent of electron spin [26] , where . Pauli matrices σ represent the spin degree of freedom. We take the hopping parameter t as the energy unit and the distance a between the nearest-neighbor sites as the length unit. The strength of the spin-orbit coupling is set to λ SO = 0.5t in the following.
We consider straight-edged nano-ribbons of Kagome layer ( Fig. 1) , with length L x = (5N − 1)a, and width 
We calculate the two-terminal conductance between the terminals attached on the ends of the ribbon, x = 0 and x = L x , by using the recursive Green's function method [27] . Since we found that the system size dependence is not important for the qualitative behavior of DWMR, we show only the data for N = 31 here.
Two-terminal conductance. We first study the transport with uniform magnetization. Without magnetization, the Kagome lattice system shows quantum spin Hall state [28] , similarly to the honeycomb lattice with spinorbit coupling. Under a strong spin-exchange coupling, qualitatively different behavior arises depending on the magnetization direction [Figs. 2(b) and 2(c)]. For outof-plane (z) magnetizations, the system shows the QAH states, where quantized conductance arises due to the chiral edge states. (Note that the quantum spin Hall state survives for a small M z because σ z term does not break the symmetry of the Hamiltonian.) In contrast, for in-plane (x or y) magnetizations, the system tends to be 'diffusive': metallic in the clean limit and insulating in the presence of disorder, due to the Anderson localization (see Fig. 3 ). We can switch the type of transport, QAH and diffusive, by tilting the magnetization [29, 30] , and the difference is significantly contrasted in the presence of disorder.
Next we show the magnetization angle θ dependence of conductance (Fig. 4) . For a small θ, where the magnetization is almost in out-of-plane direction, the conductance is quantized even in the presence of disorder. This implies that the system is in the QAH state and shows the edge transport. For a large θ, where the in-plane component of the magnetization M x becomes large, the system shows conducting or insulating behavior depending on the disorder strength and system size. This is the feature of the diffusive transport. The QAH-diffusive crossover occurs when the bulk band touches the Fermi energy. This crossover is understood as the competition of the spin-orbit term λ SO and in-plane component of the magnetization JM x , which opens and narrows the bulk band gap, respectively. This magnetization-angle induced change of transport property leads to an unconventional type of magnetoresistance effect by spatial modulation of magnetic texture: domain walls. Domain-wall magnetoresistance. Then we study the transport in systems with domain walls. We consider three types of domain walls: Néel, head-to-head, and in-plane. Note that a Bloch type wall gives the same results as Néel type because in-plane magnetizations, σ x and σ y , are equivalent in our model. The domain walls of thickness ξ can be implemented by position x dependent magnetizations,
for a Néel wall,
for a head-to-head wall, and
for an in-plane wall. Figure 5(a) shows the averaged conductance with uniform magnetizations or domain walls under disorder. The conductance for the out-of-plane uniform magnetization shows that the QAH state (quantized plateau) breaks down around W/t = 2.8 in the case of JM/t = 1 and E/t = −0.4. Under the in-plane magnetization (either uniform or domain wall), where the disordered system shows diffusive transport, the conductance quickly decays as disorder strength increases. On the other hand, the conductance with a Néel or head-to-head domain wall shows an intermediate behavior against disorder.
The DWMR effect is characterized by magnetoresistance ratio (MR), which is defined by the ratio of the conductance in uniform magnetization G uni to that in a domain wall G DW as
where · · · represents the average over disorder realizations. The position of the maxima (W/t 2.8) corresponds to the point where disorder-driven QAH-diffusive crossover occurs. After the transition, the system shows diffusive transport in both the in-plane and out-of-plane magnetizations, and the MR vanishes. This large MR in the Néel wall arises because the diffusive region located around the domain wall works as a resistor in the disorder tolerant QAH states. The MR for head-to-head wall, where G uni = G in-plane and G DW = G head-to-head , becomes negative at a strong disorder, while it is positive and large for a weak disorder. The sign change of the MR occurs when the conductance in diffusive state becomes comparable with that in QAH state. Although the MR keeps negative value for a strong disorder, the difference G head-to-head − G in-plane is maximized around the phase transition point W/t 2.8. For an in-plane wall, the conductance shows almost the same behavior as the case of uniform magnetization. Thus the MR is vanishing in disordered systems, as in conventional halfmetals. In materials with an in-plane easy axis, the inplane type wall is more favored than the head-to-head type that has the out-of-plane magnetization near the center of the wall, and the huge negative magnetoresistance may be difficult to observe. Therefore, it should be easier to obtain the huge positive magnetoresistance of Néel/Bloch walls in the Kagome materials with outof-plane easy axis, such as thin film of Co 3 Sn 2 S 2 . Lastly, we study the effect of domain-wall thickness on the MR (see Fig. 6 ). The magnetoresistance effect in Kagome layers with Néel or head-to-head walls is enhanced as the thickness increases. This is in good contrast with a conventional DWMR in half-metals, which quickly vanishes for increasing domain-wall thickness, irrespective of the wall type; the spin of the conduction electron can change gradually and the current can go through the domain walls. At the center of domain walls, the magnetization is π/2 rotated with respect to the background. Therefore the transport properties in both ends (deeply in the domains) and near the center of domain wall are significantly different (diffusive-/quantized edge-transport) as shown in Fig. 4 ; in the presence of disorder, the transport is suppressed in the in-plane magnetized (diffusive) region and enhanced in the out-of-plane magnetized (QAH) region. Therefore the MRs are magnified as the wall (where the transport property changes) thickness increases. We also note that the MR for a thin Néel wall is 100%, because the edge states mixes at the domain wall and a half of them go through the wall [see Fig. 6(c) ]. The transport in QAH systems with domainwall resistance is also studied by experiments [31] . If there are multiple walls (like a racetrack memory), the resistance additively increases and the MR becomes huge.
Conclusion. We have studied the transport in disordered magnetic Kagome layers. We found a huge and stable DWMR effect originating from the chiral edge states of QAH system and the magnetization induced topological phase transition. Considering Néel or Bloch domain walls, we have shown that a huge (around 100%) MR is achieved, irrespective of the domain-wall thickness and weak disorder strength. We have also shown that a negative DWMR can be realized in the head-to-head wall. These features are contrasted with the conventional DWMR in half-metals, which is always positive, fragile against disorder, and vanishingly small in thick walls. This robust magnetoresistance in QAH Kagome layers will make an opportunity to realize the disorder-tolerant and low-power consumption devices. For instance, the current and Joule heating in the racetrack memory can be suppressed by using the magnetic Kagome layers, such as thin films of Co 3 Sn 2 S 2 . We also note that these topologically protected DWMR effect will pave the way to realize the single-material spintronics devices. The absence/presence of domain wall can be used as '0'/'1'. Furthermore, by simply changing the number of domain walls, we may realize an analog-non-volatile memory, which is now longed for neuromorphic computing and deep learning.
